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Abstract Introduction: Three systemic reviews reported that, although many studies echoed the importance of stress management programs in medical curricula, yet very few high quality studies provided convincing evidence of their effectiveness. So far, none of meta-analysis study was done to appraise their effectiveness on medical students' psychological health.
Objective: The author conducted a meta-analysis to quantitatively appraise and summarize all studies of stress management interventions on medical students' psychological health that include general psychological distress, stress, anxiety and depression symptoms.
Method:
The author planned, conducted and reported this study according to the PRISMA standard of quality for reporting meta-analyses.
Result: The author yielded 23,921 relevant articles based on search terms and eventually, after critical appraisal, only 13 articles were included in the meta-analysis. Stress management interventions were associated with moderate, statistically significant improvement of medical students' psychological health [À0.335 (95% CI, À0.423, À0.246), P < 0.001] with low inconsistency among the studies (I 2 = 30.46%). Subgroup analyses demonstrated there were consistent interactions with the duration of intervention (Qvalue (df) = 15.56 (3), p = 0.001) and research design (Qvalue (df) = 4.93 (1), p = 0.026). Sensitivity analyses did not change the study conclusions.
Conclusion: Stress management interventions were associated with moderate effects on medical students' psychological health compared with no intervention. Brief to medium-duration intervention demonstrated significant larger effects than long-duration intervention. Likewise, RCT studies showed larger effects than non-RCT studies. Future research with RCT design should directly compare different types of stress management interventions based on a sound theoretical basis.
Introduction
Health is a state of complete physical, mental and social wellbeing and not merely the absence of disease or infirmity. 1 Mental health is defined as a state of wellbeing enabling people to realize their abilities, cope with normal stresses of life, work productively and fruitfully, and make contributions to their communities. 2, 3 In addition, psychological health can be broadly referred to as a state of an absence of stress, anxiety and depression symptoms, and mental health related problems. From that notion, mental health is becoming more apparent where it determines the overall wellbeing of societies and countries. 1 Therefore, for all individuals, mental health is vital and crucial to their overall wellbeing.
Medical education has always been perceived as highly stressful environment by students. [4] [5] [6] Studies showed that stressors affecting medical students' overall wellbeing were related to the medical training especially academic matters. [6] [7] [8] [9] [10] They found that the most common stressors were tests and examinations, time pressure, too much content to be studied, getting behind in work, conflicting demands, not getting work done within time planned and heavy workload. 7, 8, 11, 12 A small number of medical students suffer from personal problems, but the effect of this on their psychological morbidity and academic success is unclear. 10, [13] [14] [15] [16] Curriculum differences in medical schools may not necessarily cause differences in the overall pattern of stressors, although the rank of some stressors may be significantly different. 11, 12 Likewise, studies have revealed a high prevalence of psychological distress [i.e. psychological distress is broadly referred to anxiety, stress, depression and mental health related problems 17 ] among them, ranging from 21.6% to 56%. 7, 8 Psychological distress is more prevalent among stressors compared to other students. 5 In fact a longitudinal study has shown that prevalence of depression symptoms among students prior to medical training was less than 2% 4, 18 which is similar to general population, 19 later the prevalence escalated up to 30% at the end of the first year medical training. 4 The most common psychological health problem among medical students was anxiety (41.1-56.7%), followed by depression (12-30%) and stress (11.8-19 .9%). 4, 20 These alarming signs indicate that medical students are facing a growing psychological pressure during their medical education. It should be noted that chronic exposure to excessive psychological pressure exerts unfavorable effects on students' emotional, mental and physical health. 6, 21 And that excessive psychological pressure could lead to interpersonal conflict, 6 sleeping problems, 22 low academic and poor clinical performance. 23 It could also lead students to experience a decrease in attention, reduced concentration, impinge on decision making, and reduced abilities to establish good relationships with their patients, resulting in a feeling of inadequacy and dissatisfaction with their clinical practice in the future. 6, 21, 24 Furthermore, it was linked to suicide, drug abuse and use of alcohol. 6, 21, [25] [26] [27] [28] Therefore, early intervention could improve these conditions.
It is worth highlighting that several medical education constituencies have emphasized the importance of teaching selfcare and stress management skills to future doctors during their medical training. 10, 29, 30 Based on a systematic review, 10 stress management interventions for medical students can be categorized into: brief-duration (i.e. less than 2 days), shortduration (i.e. 2 days to 4 weeks), medium-duration (i.e. more than 4 weeks and up to 8 weeks) or long-duration (i.e. more than 8 weeks). Up to date, three systemic reviews have discovered that, although many studies echoed the importance of stress management programs in medical curricula, yet very few high quality studies provided convincing evidence of their effectiveness. 10, 29, 30 However, so far, none of meta-analysis studies was done to appraise their effectiveness on medical students' psychological health during their medical training. From that notion, the author conducted a meta-analysis to quantitatively appraise and summarize all available studies of stress management interventions on psychological health outcomes that include general psychological distress (GPD), stress, anxiety, and depression symptoms.
Methodology
The author planned, conducted and reported according to the PRISMA (Preferred Reporting Items for Systematic reviews and Meta-Analyses) standard of quality for reporting metaanalyses. 31 It guides authors on ways to ensure complete transparency reporting of systematic reviews and meta-analyses. 31 It consists of a 27-checklist item that helps authors to assess the pros and cons of interventions. 31 The checklist items guide authors to proper ways to determine titles, writing abstracts, planning protocol for systematic review and meta-analysis, reporting results, discussing findings and declaring funding. There was no need for an ethical review given the fact that the nature of the research was a meta-analysis of previously published research.
Study questions
We sought to answer 3 questions: (1) To what extent are stress management interventions for training medical students associated with improved psychological outcomes in comparison to no intervention?; (2) How do the outcomes vary in the different durations of the interventions?; and (3) How do the outcomes vary in the different research designs? Based on literature the author divided the interventions into four durations: brief (less than 2 days), short (more than 2 days but less than 4 weeks), medium (more than 4 weeks but less than 8 weeks) and long (more than 8 weeks) 10 for subgroup analyses. Based on the strength of research design in the field, we selected two study designs which include randomized controlled and non-randomized controlled for subgroup analyses. The randomized controlled design is characterized by random allocation of study subjects into intervention and control groups. The non-randomized controlled design is characterized by non-random allocation of study subjects into intervention and control groups.
Study eligibility
Broad inclusion criteria were used to present a comprehensive overview of stress management intervention for medical students during their medical training. Original research published in Malay or English that investigated use of stress management interventions to teach medical students at any stage in training, in comparison with no intervention (i.e., a control group), using psychological outcomes that include GPD, stress, anxiety and depression symptoms, were included. Studies without a control group, in comparison with a specific type of intervention or in comparison with a pre-intervention assessment, studies without data on the psychological outcomes, and studies did not mention specific duration of time to complete the intervention, were excluded.
Study identification
The author performed literature search through Google Scholar, PubMed database, EbscoHost databases, Cochrane Library database, Scopus database, and Science Direct database using search terms for example 'medical student', 'psychological health', 'stress intervention' and 'stress management'. No time limit was specified in searching and the last date of search was 30th June 2012. Titles and abstracts of the searched articles were scrutinized for relevance. Criteria such as participants, study design, structure of intervention, and outcomes were key issues for the in-depth study of the full articles. Furthermore, the original articles must have investigated stress management interventions specifically for medical students otherwise they were not included in the meta-analysis. Several articles were searched manually from the reference lists of the primary articles. Interventions on medical students' psychological health: A meta-analysis
Study selection
The author worked solely to screen all titles and abstracts to be included in the study. Initial screening was performed at two phases which were titles' screening and evaluation of abstracts. During the first phase of the initial screening, article titles were appraised based on their relevancy to the study; relevant titles were selected for further evaluation of abstracts, while irrelevant ones were excluded. The abstracts of the selected titles were further appraised based on the inclusion criteria mentioned previously. Articles with abstracts that fulfilled the inclusion criteria were included for detail evaluation. The selected articles underwent an in-depth appraisal based on the priori criteria for inclusion in the meta-analysis (Study selection is illustrated in the Figure 1 ).
Data extraction
A data abstract form was developed to facilitate the appraisal process, gathering information on the number of participants, medical training levels of participants, study design, types of control group, structure of intervention, location based on 
Data synthesis
Each mean and standard deviation, confidence interval, sample size, or mean differences was converted to a standardized mean difference (the Hedges g effect size). 33 When this information was unavailable, the effect size was estimated using statistical test results (e.g., P values, F-statistics, t-statistics) ( Table 2 ). Comprehensive Meta-Analysis (CMA) software, version 2.0 34 was used for analyses. Statistical significance was defined by a 2-sided p-value less than 0.05, and interpretations of clinical significance emphasized confidence intervals in relation to Cohen effect size classifications (0.8 and above = large; more than 0.2 but less than 0.8 = moderate; less than or equal to 0.2 = small). 35 The I 2 was used to quantify inconsistency (heterogeneity) across studies, with values greater than 50% indicating high inconsistency. 36 Due to the fact that most of the stress management interventions in medical education were different in many aspects such as structure, content and duration, 29 random effects models were used to pool weighted effect sizes. Planned subgroup analyses were conducted based on study design and duration of intervention. Sensitivity analyses were performed by cumulative meta-analysis based on the date of publication (i.e., year in ascending order) and duration of intervention (i.e., total minutes in ascending order) to estimate the extent to which the results are robust to assumptions and decisions that were made when carrying out the synthesis. 33 It was anticipated that the effect size tends to stabilize the confidence interval and to narrow as studies are added to the analysis to signify robustness of the conclusion made based on the data extracted. To explore possible publication bias the author performed funnel plots by CMA. 33 In asymmetry conditions, trim and fill was performed to estimate revised pooled effect size. 33 
Results

Study flow
The author yielded 23,921 potentially relevant articles from the databases at the initial screening process based on the search terms (Figure 1 ). After reading through their titles and abstracts, 33 articles were retrieved for further evaluation. Following that, 27 articles were recognized as potential articles for inclusion in the meta-analysis. After the critical appraisal, 13 articles were appropriate for inclusion in the meta-analysis, and 14 articles were excluded due to insufficient information to extract effect-size and no relevant outcomes.
Study characteristics
The author identified 13 studies that appropriate for metaanalysis with a total of 1428 medical students involved from various phases of medical training (Figure 1 and Table 1 ). [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] The two earliest studies the author identified were in 1982 37 and 1985. 38 The first study evaluated impacts of a 3-week seminar on medical students' stress and anxiety through a non-randomized controlled trial 37 and the second study evaluated the impact of a 6-week stress management training course on the same outcomes through a randomized controlled trial. 38 All of the other studies (n = 11) [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] were published a decade after the two studies mentioned earlier.
The majority of the interventions required at least 4 weeks to complete (n = 8). The studies used different psychological measurements to measure common psychological health parameters; GPD, stress, anxiety and depression symptoms ( Table 1 ). Types of interventions of each study were summarized in the Table 2 .
Study quality
All of the studies included were at least at Level 2 of Kirkpatrick's educational evidence, 32 it suggested that the studies included in this meta-analysis were at acceptable level of quality. 
Meta-analysis
General psychological distress
Seven effect sizes were extracted from five studies (with 557 participants providing data) reported comparison with a no intervention control group using general psychological distress symptoms as the outcome (Figure 2 ). The pooled effect size for these interventions was À0.349 (95% CI, À0.549, À0.148; P = 0.001), consistent with moderate improvement. There was low inconsistency among studies, with individual effect sizes ranging from À0.665 to 0.060 and I 2 = 35.56%. One study (Holm et al. 45 (SGD) in Figure 2 ) reported a positive effect size (i.e., outcomes were worse for intervention). The funnel plot was asymmetric to the left of the mean. Assuming this asymmetry reflects publication bias, trim-and-fill analyses provided similar pooled effect size.
Stress
Nine effect sizes were extracted from eight studies (with 591 participants providing data) that reported comparison with a no intervention control group using stress symptoms as the outcome (Figure 3) . The pooled effect size for these interventions was À0.432 (95% CI, À0.629, À0.236; P < 0.001), consistent with moderate improvement. There was low inconsistency among studies, with individual effect sizes ranging from À1.057 to À0.029 and I 2 = 30.26%. The funnel plot was asymmetric to the left of the mean. Assuming this asymmetry reflects publication bias, trim-and-fill analyses provided similar pooled effect size.
Anxiety
Twelve effect sizes were extracted from 10 studies (with 985 participants providing data) that reported comparison with a no intervention control group using anxiety symptoms as the outcome (Figure 4) . The pooled effect size for these interventions was À0.250 (95% CI, À0.401, À0.100; P = 0.001), consistent with moderate improvement. There was low inconsistency among studies, with individual effect sizes ranging from À0.692 to 0.132 and I 2 = 25.24%. One study (McGrady et al. 48 (complete group) in Figure 4 ) reported a positive effect size (i.e., outcomes were worse for intervention). The funnel plot was asymmetric to the left of the mean. Assuming this asymmetry reflects publication bias, trim-and-fill analyses provided similar pooled effect size.
Depression
Eight effect sizes were extracted from seven studies (with 852 participants providing data) that reported comparison with a no intervention control group using depression symptoms as the (35) . Interaction between study designs: Q-value (df) = 4.93 (1), p = 0.026. The circle symbol indicated the individual effect size and the triangle symbol indicated the pooled effect size. outcome ( Figure 5 ). The pooled effect size for these interventions was À0.360 (95% CI, À0.536, À0.185; P < 0.001), consistent with moderate improvement. There was low inconsistency among studies, with individual effect sizes ranging from À0.710 to À0.079 and I 2 = 35.34%. The funnel plot was asymmetric to the left of the mean. Assuming this asymmetry reflects publication bias, trim-and-fill analyses provided similar pooled effect size.
Eight effect sizes were extracted from seven studies (with 852 participants providing data) that reported comparison with a no intervention control group using depression symptoms as the outcome ( Figure 5 ). The pooled effect size for these interventions was À0.360 (95% CI, À0.536, À0.185; P < 0.001), consistent with moderate improvement. There was low inconsistency among studies, with individual effect sizes ranging from À0.710 to À0.079 and I 2 = 35.34%. The funnel plot was asymmetric to the left of the mean. Assuming this asymmetry reflects publication bias, trim-and-fill analyses provided similar pooled effect size.
Overall psychological health
Thirty six effect sizes extracted from thirteen studies (with 1428 participants providing data) reported comparison with a no intervention control group using overall psychological health wellbeing (i.e., refers to sum symptoms of GPD, anxiety, stress and depression) as the outcome (Figure 6 ). The pooled effect size for these interventions was À0.335 (95% CI, À0.423, À0.246; P < 0.001), consistent with moderate improvement. There was low inconsistency among the studies (I 2 = 30.46%). The funnel plot was asymmetric to the left of the mean. Assuming this asymmetry reflects publication bias, trim-and-fill analyses provided similar pooled effect size.
Tests for interactions in subgroups indicated that interventions distributed over a brief to medium duration (vs. long duration) ( Figure 7) and those that were RCT design (vs. non-RCT design) ( Figure 8 ) were associated with significantly larger effect sizes.
Sensitivity analyses
The cumulative meta-analysis showed the effect size tends to stabilize the confidence interval and narrow as studies are added either based on the duration of intervention (Figure 9 ) or the year of publication ( Figure 10 ) to signify the extent to which the results synthesized are robust to the conclusions made based on the data extracted.
Discussion
The author found that stress management interventions compared with no intervention has consistent positive effects on medical students' psychological health. The pooled estimate of effect sizes was moderate across the psychological outcomes. 35 Furthermore, the author found a moderate effect for all subgroup analyses exploring variations in different duration of interventions, psychological outcomes and quality of research design. In addition, this study yielded consistent results and therefore the subgroup comparisons could explain the differences of impact influenced by different durations of interventions, psychological outcomes and quality of research design.
The effect of stress management intervention in comparison with no intervention was likewise consistent (i.e., homogenous) across studies. The pooled effect sizes were moderate and significant for all psychological health outcomes. This homogeneity may arise from similarity in group of learners (i.e., medical students), educational context (i.e., medical training), outcomes measured (i.e., psychological health, which include GPD, stress, anxiety and depression), well-established psychological health measurements used (e.g., SCL, DASS-21, BSI, etc.), specific comparison group (i.e. only no intervention group included) and research design (i.e., controlled trial).
The author found that the medium-duration intervention was significantly associated with the largest effect size (À0.592), followed by the short-duration intervention (À0.454) and the brief-duration intervention (À0.404). In contrast, the long-duration intervention was associated with the smallest effect size (À0.183). It appears that there is an upward trend of beneficial effects of the interventions provided on psychological health upto medium-duration (i.e., more than 4 weeks but less than 8 weeks), and after that the benefits reduced abruptly. One important implication of this finding is that an effective stress management intervention should be conducted not more than 8 weeks because anything more than that would not provide extra benefits on medical students' psychological health.
Interestingly, RCT studies (À0.409) demonstrated significantly higher effect size than non-RCT studies (À0.222). It clearly suggested that quality of research design would directly influence quality of evidence provided by the studies. In addition, 14 of 16 effect sizes of the non-RCT failed to achieve significant p-value (Figure 8 ). In contrast, only 7 out of 20 effect sizes for the RCT studies failed to achieve significant p-value ( Figure 8 ). One lesson learnt is that, interventions that have been tested with at least one RCT study are highly recommended to be adopted by medical schools to ensure that utmost benefits could be provided to their students.
This study has several limitations. First, generalizability is bordered by the quality of accessible studies. Many studies had important methodology limitations such as the theoretical basis for developing the intervention was not explained, sample size calculation was not explained, non-probability sampling method was used by most of the studies, single study center, post-hoc power of study analysis was not evaluated, study population was not clearly detailed out and non-randomized allocation to study groups was done. Thus, interpretation of the meta-analysis should be within its context. Second, many studies from non-medical student population were not included as this study was specifically confined to medical students. Therefore, the generalizability to other student populations is limited. Third, the subgroup analyses results should be interpreted with caution because lack of a priori hypotheses for the analyses, small numbers of studies included in the analysis, the limitations associated with betweenstudy comparison due to heterogeneous interventions and different measurement tools used to measure the outcomes. The positive results could be due to confounding factors (for example, heterogeneous interventions, phases of medical training and different types of medical curriculum) that were not appraised in this meta-analysis. Fourth, selection bias might be introduced due to the author limiting the search only in two languages: Malay and English. This could lead to unintentional exclusion of relevant studies that were published in other languages. Lastly, this study only used no intervention as a control group for comparison, thus limiting its generalizability to other specific types of intervention.
This study has several strengths that include the comprehensive search (inclusion of relevant studies from published and unpublished resources), inclusion criteria that is specific to a learner population, common psychological outcomes were extracted, study designs, homogeneity between the studies and rigorous appraisal of study outcomes quality. Funnel plots and trim-and-fill analyses indicated that publication bias is not likely to influence the conclusions.
Implications
This meta-analysis clearly showed that there was a moderate effect of stress management interventions on medical students' psychological health in comparison with no intervention. This finding supports the concerns of three systemic reviews about the importance of stress management programs in medical curricula. 10, 29, 30 In light of such moderate association and very small high quality studies, the author advocates more quality studies should be carried out to address this matter. The most important questions for this field are those that clarify which types of interventions are most effective and cost-efficient. Unfortunately, the evidence synthesized herein is insufficient to inform the design of future stress management interventions. However, subgroup analysis suggested a benefit to extending duration of the interventions up to 8 weeks, but not more than 8 weeks. The author recommends that future research (with the highest quality design) should focus on theory-based comparisons of effects between different interventions to address this matter. Two promising theoretical models that were found from this meta-analysis are the mindfulness based stress reduction 41, 46 and the DEAL model. 49 In line with a recent meta-analysis reported the mindfulness-based therapy is an effective mode of treatment for a variety of psychological problems, in particular for reducing stress, anxiety and depression. 50 Whereas, the DEAL model is an educational approach to teaching medical students on detection of problems, proper evaluation of the problems, taking appropriate actions to handle the problems and learning from the problems for self-improvement. 51 Therefore, the DEAL model will be a self-evaluation tool to help medical students develop the capability to handle problems through a systematic approach. The author strongly believes, both the mindfulness-based and DEALbased interventions could complement each other because the mindfulness-based intervention may act as a mode of treatment while the DEAL-based intervention may act as a mode of prevention to regulate psychological health. It is noteworthy that effective interventions would lead to the utmost improvement of medical students' psychological health that eventually will result in producing healthier future doctors either personally or professionally. 6, 21, 24, 52 
Conclusion
Stress management interventions were associated with moderate effects on medical students' psychological health compared with no intervention. Brief to medium-duration interventions demonstrated significant larger effects than long-duration interventions. RCT studies show larger effects than non-RCT studies. Future research with RCT design should directly compare different types of stress management interventions based on a sound theoretical basis.
